INTRODUCTION
Early treatment with oral hypoglycemic agents (OHAs) is advocated in patients with type 2 diabetes mellitus (T2DM) in order to attain near-normal glycemia and reduce the risk of long-term complications.
1 T2DM is characterized by several physiological disturbances, including progressive loss of β-cell function and insulin sensitivity. 2 Owing to the progressive nature of T2DM, 3 treatment intensifications such as adding a second glucose-lowering agent or switching to a more potent agent is often required to maintain acceptable glycated hemoglobin (HbA1c) levels over time. 4 5 This gradual decline in effectiveness of OHAs over time has been called secondary drug failure or monotherapy failure. 6 7 A Diabetes Outcome Progression Trial (ADOPT) compared the incidence of monotherapy failure in drug naïve patients with T2DM randomized to rosiglitazone, metformin, or glyburide.
▪ Almost half of the patients with type 2 diabetes mellitus who were new users of metformin, sulfonylurea (SU), or meglitinide got add on of a second agent, switched to a new agent, or discontinued the initial agent when followed for up to 5.5 years. ▪ SU and meglitinide were associated with a 2.5-fold to 3-fold increased risk of add-on treatment of a second agent and a threefold to fourfold increased risk of switch to a new agent compared with metformin, taking differences in baseline demographics and patient characteristics into account. ▪ The results indicate superior glycemic durability with metformin compared with SU or meglitinide in real life.
agents, with cumulative incidences of monotherapy failure, at 5 years of follow-up, of 15% with rosiglitazone, 21% with metformin, and 34% with glyburide.
To evaluate the glycemic durability of different OHAs in real life, clinical trial data need to be complemented with analyses of observational data. Several observational studies have evaluated the persistence of different OHAs. [8] [9] [10] [11] The concept of persistence has similarities with durability and is typically defined as the frequency of patients continuing an initiated medication over time. 12 Most studies on persistence of OHAs have not specified non-persistence as being due to treatment discontinuation, switch to a new agent, or add on of a second agent. As a result, we cannot be sure that nonpersistence was due to loss of glycemic control in these studies. Rather, non-persistence was likely due to a variety of different causes. However, one study of 6729 patients with T2DM treated with metformin monotherapy or sulfonylurea (SU) monotherapy analyzed the time to progression to combination oral therapy or switch in oral therapy, 13 which are clinical events that are driven by loss of glycemic control. The results showed a greater risk of progression to combination therapy or switch in therapy associated with SU as compared with metformin. Even though information about important covariates such as diabetes duration, HbA1c levels, and body mass index (BMI) were missing, the results indicated a greater risk of monotherapy failure with SU compared with metformin in real life.
This nationwide observational study was initiated to evaluate the durability of monotherapy with the available classes of OHAs in patients with T2DM in real life. The time to discontinuation of continuous use with the initial OHA, switch to a new agent, and add-on treatment of a second agent was analyzed separately and as a composite end point and was used as a measure of durability.
METHODS
This is a nationwide cohort study based on information linked from five Swedish national registers: the National Diabetes Register (NDR), the Prescribed Drug Register, the Cause of Death Register, the Hospital Discharge Register, all held by the National Board of Health and Welfare (NBHW), and the longitudinal integration database for health insurance and labor market studies (LISA), administered by Statistics Sweden. All included patients have agreed by informed consent to be registered before inclusion.
Databases
Since the establishment in 1996, the NDR has been working with systematic quality improvement, as well as research and development in the field of diabetes mellitus. 14 The NDR is a nationwide register representing hospital outpatient clinics and primary healthcare clinics from all geographical areas of Sweden. The register includes information about risk factors, complications, and medications. Physicians and nurses in hospital outpatient clinics and primary healthcare clinics report to the NDR at least annually via the internet or via direct transfer of data from medical record databases. The Prescribed Drug Register has full coverage of all filled prescriptions at Swedish pharmacies. 15 The Cause of Death Register contains information about causes of mortality and death dates; 16 the Hospital Discharge Register comprises information about diagnoses, performed procedures, and length of stay for inpatient care from 1987 onward; 17 and the LISA contains information about the highest educational level for all Swedish residents.
Study population
Drug naïve patients with T2DM, who were registered in the NDR between July 1, 2005 and December 31, 2011, were eligible for inclusion in the study cohort. Patients had to be initiated on OHA monotherapy with their first filled prescription (index date) between July 1, 2006 and December 31, 2010 to be included in the study. Further inclusion criteria were age 18-85, BMI ≥18.5, and continuous use with the initiated OHA in monotherapy for at least 12 months. The epidemiological definition of T2DM used in the present study and in several previous publications from the NDR was: treatment with diet only, OHA only, or onset age of diabetes ≥40 years and treatment with insulin only or combined with OHA. 4 18 19 To identify drug naïve patients, we excluded patients who had got a prescription of any glucoselowering agent filled between July 1, 2005 and June 30, 2006. In Sweden, one prescription generally corresponds to 3 months of continuous use. Patients were considered continuous users if they filled at least three prescriptions during the first treatment year. The number of patients who initiated newer OHAs such as DPP-4 inhibitors, SGLT-2 inhibitors, glitazones, and α-glucosidase inhibitors was very small. Therefore, this study was restricted to patients initiating metformin, SU, and meglitinide, which were the most commonly used OHAs. Altogether, 69 667 patients met the inclusion criteria and were available for the study (figure 1). Patients with complete records on all baseline variables (n=17 309) were selected and used to elaborate four groups based on 1:5 matching by propensity score values for balancing of baseline covariates: SU (n=717) versus metformin (n=3585), and meglitinide (n=218) versus metformin (n=1090).
Owing to the strict time period for collection of baseline variables (18 months before index date), a large portion of patients did not have information on BMI (65%), HbA1c (61%), and estimated glomerular filtration rate (eGFR; 64%). Therefore, we did sensitivity analyses on a group of patients with complete data on all baseline variables except BMI, HbA1c, and eGFR (n=59 495). Furthermore, sensitivity analyses were also performed on the 17 309 patients selected with complete records on all baseline variables.
Baseline variables
Baseline variables were type of OHA initiated, index year, age, diabetes duration, gender, HbA1c, eGFR, weight, BMI, educational level, medication with psychiatric agents, use of multidose drug dispensing, and history of cardiovascular disease (CVD), congestive heart failure (CHF) and atrial fibrillation (AF; table 1). History of CVD, CHF, and AF was defined as history of at least one event of CVD, CHF, or AF, respectively, anytime between the year of 1997 and the index date. CVD was defined as coronary heart disease (international classification of diseases, 10th revision (ICD-10) codes I20-I25, percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG)), stroke (ICD-10 codes I61, I63, I64), or peripheral vascular disease (ICD-10 codes I70.2, I73.1, I73.9, I79.2, E10.5, E11.5, E14.5). CHF was defined as ICD-10 code I50, and AF as ICD-10 code I48. Medication with psychiatric agents was defined as at least one filled prescription between July 2005 and the index date. BMI was calculated as weight in kilograms divided by height in meters squared. Educational level was presented as a value between 1 and 3. A value of 1 corresponded to elementary school, 2 to upper secondary school, and 3 to higher education. Laboratory analyses of HbA1c were carried out at local laboratories. HbA1c analyses are quality assured nationwide by regular calibration with the high-performance liquid chromatography Mono-S method. eGFR was calculated using the Modification of Diet in Renal Disease equation. 20 Follow-up and definition of end points All patients were followed from the index date until the occurrence of an end point event, death or otherwise until the end of the study period in December 31, 2011. The primary end point was monotherapy failure with the initiated OHA. This was defined as either: discontinuation of continuous use with the initial OHA or switch to a new agent or add-on treatment of a second agent. Secondary end points were the separate components of monotherapy failure: discontinuation of continuous use with the initial OHA, switch to a new agent, and add on of a second agent. Discontinuation was defined as a gap of >180 days between two prescription fills. Switch was defined as discontinuation of the initial OHA while initiating a new glucose-lowering agent within 180 days following the last filled prescription of the initial OHA. Add on was defined as initiation of a second glucose-lowering agent in addition to continued treatment with the initial OHA.
Statistical methods
Baseline characteristics are presented with means and SDs for continuous variables and frequencies for categorical variables in the cohort used for the main analyses of matched cohorts (table 1) and for the sensitivity analyses (online supplementary table S1). Crude significance levels for differences in baseline characteristics for patients on SU or meglitinide compared with patients on metformin were calculated using student t test or χ 2 test. Propensity scores, defined as the conditional probability of being treated with either SU or meglitinide Table 1 Baseline data for patients with T2DM using 1:5 matching with propensity score for each comparison BMI, body mass index; CHF, congestive heart failure; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; multidose: multidose drug dispensing; SU, sulfonylurea; T2DM, type 2 diabetes mellitus.
given covariates, were used to balance baseline characteristics between the groups. In the cohort used for the main analyses, a 1:5 SU to metformin and meglitinide to metformin propensity score matching was performed (table 1) . The matching procedure was performed using a greedy algorithm, which makes the closest matches first and second closest matches next, in a hierarchical sequence until no more matches could be made. 21 The ability of the propensity scores to balance measured variables between the matched groups was evaluated by calculation of p values using student t test or χ 2 test, and also by computing standardized differences between matched groups. 22 Standardized differences of less than 0.1-0.2 were considered to indicate good balance. Separate propensity scores were estimated for the comparison of SU versus metformin and meglitinide versus metformin in each patient using logistic regression. 23 In these two propensity score models, the dependent variable was defined as initiation of SU and initiation of meglitinide, respectively. In both propensity score models, the independent variables were as follows: age, sex, diabetes duration, index year, HbA1c, BMI, eGFR, previous CVD, CHF and AF, educational level, use of psychiatric medications, and multidose drug dispensing.
Cumulative failure of all end points by treatment group in patients included in the main analyses of the matched cohorts (figure 2A-D and online supplementary figure S1) was estimated with the Kaplan-Meier estimator. Significances of the differences between curves were assessed using the log-rank test. Cox proportional hazards regression models were used to estimate HRs with 95% CIs for the primary and secondary end points comparing SU versus metformin and meglitinide versus metformin in the propensity score-matched cohort (table 2) .
In additional Cox proportional hazards regression models (online supplementary table S2), adjustments were made by covariate adjustment (model 1) and by stratification with quintiles of the propensity scores (model 2). Model 1 included all covariates that were included as independent variables in the propensity score, as well as change in eGFR during follow-up. We also estimated adjusted HRs for the primary and secondary end points comparing SU versus metformin and meglitinide versus metformin in patients with missing data on several covariates (BMI, HbA1c, and eGFR were missing data; n=59 495), see online supplementary table S3. In this larger cohort, adjustments were made only by the available covariates (age, sex, diabetes duration, previous CVD, CHF and AF, educational level, use of psychiatric medications, and multidose drug dispensing).
The proportional hazards assumption at Cox proportional hazards regression was confirmed by simultaneously introducing all covariates as time dependent. Unmeasured confounders may affect the results if they are unrelated to or not fully accounted for by measured covariates. Therefore, we performed sensitivity analyses by quantifying the effects of a hypothetical unmeasured binary confounder with an HR for all end points of 2.0, given the different distributions of the confounder in the comparison of SU versus metformin (online supplementary table S4) and meglitinide versus metformin (online supplementary table S5). 24 Unadjusted changes in HbA1c, eGFR, and weight during follow-up were analyzed using pairwise measurements (table 3) . Changes were calculated as the last available value minus the index value and were presented as the absolute number of units with 95% CIs as well as percentages. Daily doses were calculated as the total amount of medication (mg) prescribed, divided by the number of days between the first prescription and end of last prescription.
All statistical analyses were performed with the use of SAS, V.9.3 (SAS Institute) except failure plots, which were produced in JMP V.11.0. A two-sided p value <0.05 was considered statistically significant. Table 1 shows baseline data for patients included in the SU (n=717) to metformin (n=3585) and meglitinide (n=218) to metformin (n=1090) propensity scorematched cohort. The propensity score matching achieved good balance with non-significance in baseline characteristics between the groups, and with standardized differences less than 0.1. In all treatment groups, mean age was about 71 years, mean diabetes duration about 5 years, mean HbA1c about 56 mmol/mol, and mean BMI about 28 kg/m 2 . Online supplementary table S1 shows unadjusted baseline characteristics for patients included in the sensitivity analyses (n=59 495). Mean daily doses were approximately 1300 mg for metformin, 3 mg for SU, and 3 mg for meglitinide. Figure 2A -D shows cumulative incidences of monotherapy failure and the separate components of monotherapy failure over time for patients in 1:5 matched groups of SU (n=717) versus metformin (n=3583). The cumulative incidence of monotherapy failure during the follow-up period was high in both treatment groups, although it was higher for SU than for metformin with add on and switch ( p<0.001), but not for discontinuation (not significant). Online supplementary figure S1 shows the corresponding failure plots for patients in 1:5 matched groups of meglitinide (n=218) versus metformin (n=1090). These curves were similar to those in figure 2. Table 2 shows HRs with 95% CIs for monotherapy failure with SU versus metformin, and with meglitinide versus metformin, in the propensity score-matched cohorts. SU and meglitinide, as compared with metformin, were associated with an increased risk of overall monotherapy failure (HR 1.74; 95% CI 1.56 to 1.94 and 1.66; 1.37 to 2.00 for SU and meglitinide, respectively). When looking at the separate components of monotherapy failure, the results were similar to those in the cumulative failure plots shown in figure 2 and online supplementary figure S1. SU and meglitinide were associated with an increased risk of add-on treatment of a second agent (HR 3.14 95% CI 2.66 to 3.69 and 2.52; 1.89 to 3.37 for SU and meglitinide, respectively) and of switch to a new agent (HR 2.81; 95% CI 2.01 to 3.92 and 3.78; 2.25 to 6.32 for SU and meglitinide, respectively). The risk of discontinuation did not differ significantly between the groups.
RESULTS

Patient characteristics
Monotherapy failure
Online supplementary table S2 shows results from the sensitivity analyses of all patients with complete data (n=17 309), using covariate adjusted (model 1) and Changes were calculated using pairwise measurements. *δ values were calculated by taking the last available value minus index value, and was calculated for HbA1c (mmol/mol), eGFR (mL/min/1.73 m 2 ), and weight (kg). †Change (%) during the study period was calculated by dividing the δ value by the index value and multiplying by 100.
eGFR, estimated glomerular filtration rate; HbA1c: glycated hemoglobin. propensity score stratified (model 2) models. The results from these analyses were fairly similar to those obtained from the propensity score-matched main analyses in table 2. Online supplementary table S3 shows results from the sensitivity analyses consisting of patients with complete records only on a selection of baseline variables (data on BMI, HbA1c, and eGFR missing; n=59 495). HRs for monotherapy failure and its separate components in these less extensively adjusted analyses were also quite similar to those in the matched samples shown in table 2.
BMJ Open Diabetes
To invalidate our findings in table 2 concerning overall monotherapy failure, a binary confounder with an HR of 2.0 would have to be present in at least 60% (absolute) more SU users or at least 40% more meglitinide users than metformin users. To invalidate our findings in table 2 concerning add-on treatment of a second agent or switch to a new agent, a binary confounder with an HR for these outcomes of 2.0 would have to be present in over 80% more SU users or meglitinide users than metformin users (online supplementary tables S4-5).
Changes in HbA1c, weight, and eGFR Patients who continued their initial OHA monotherapy throughout the study showed an 8.4%, 9.1%, and 9.7% decrease in HbA1c for those initiated on metformin, SU, and meglitinide, respectively (table 3) . Patients who discontinued their initial OHA showed similar improvements in glycemia between baseline and the date of discontinuation, while patients who got add-on treatment of a second agent or switched to a new agent showed stable or increased HbA1c values between baseline and the date of treatment change. Patients initiating metformin showed a decrease in weight throughout the study, with the largest decrease (2.8%) seen in those continuing metformin monotherapy throughout the study. Patients initiating SU or meglitinide were generally stable in weight. Small decreases in eGFR were seen in all groups during the study period.
DISCUSSION
This is a large nationwide observational study analyzing the durability of metformin, SU, and meglitinide in real life. We found that almost half of the patients got add on of a second agent, switched to a new agent, or discontinued the initial agent when followed for up to 5.5 years. SU and meglitinide, as compared with metformin, were associated with a significantly increased risk of overall monotherapy failure, taking differences in baseline demographics and patient characteristics into account. The increased risk of overall monotherapy failure associated with SU and meglitinide was driven by a twofold to fourfold increased risk of add on of a second agent and switch to a new agent, whereas the risk of discontinuation of the initial OHA did not differ significantly between the groups. Patients continuing their initial monotherapy throughout the study showed improved HbA1c levels of approximately 10% irrespective of the type of OHA used, whereas patients who switched to a new agent or got add on of a second agent showed stable or slightly increased HbA1c levels. The improved HbA1c levels among patients who continued their initial monotherapy throughout the study confirm that these patients represented responders to treatment. Somewhat more surprisingly, patients who discontinued their initial OHA showed similar improvement in glycemic control. This group most certainly represents a very heterogenic group of patients, with a range of different underlying causes explaining their treatment discontinuation. Patients who got add on of a second agent or switched to a new agent showed unchanged or slightly increased HbA1c-levels leading up to these events. This indicates that deterioration of glycemic control was the primary underlying cause of events of add on of a second agent or switch to a new agent, and that these end points can be used as a measure of glycemic durability.
To the best of our knowledge, this is the first study reporting real-world data on the durability of meglitinide, an agent that contributes a therapeutic option in patients with contraindications for metformin or in those requiring a second agent to attain glycemic control. 1 Our results, with highly significantly increased risks for add-on treatment of a second agent and switch to a new agent associated with SU, are in line with results from ADOPT. In ADOPT, initial monotherapy with metformin provided superior glycemic durability compared with glyburide, 7 caused by a faster decline in β-cell function and insulin sensitivity in patients initiated on glyburide. 25 In ADOPT, the Kaplan-Meier cumulative incidence of monotherapy failure (fasting plasma glucose >10 mmol/L) at 5 years was lower than in this study. This study and ADOPT differ in many respects, which could explain the difference in the cumulative incidence of monotherapy failure. First, this study is observational and represents the durability of different OHAs in real life. In contrast, ADOPT was a clinical trial, which reported the effects of protocol-driven treatments in a selected group of motivated patients who were followed closely with frequent visits. Second, the treatment guidelines available during the study period of this study recommended lower glycemic thresholds for treatment intensification than a fasting plasma glucose level >10 mmol/L, 26 which was used in ADOPT. Finally, the patients included in this study were older and had a longer diabetes duration, suggesting that these patients had a more advanced disease than those included in ADOPT.
What about the results from other observational studies? A Canadian cohort study analyzed the risk of progression to combination oral therapy or a switch in oral therapy associated with metformin compared with SU. 13 They found a modest decrease in risk of monotherapy failure associated with metformin compared with SU (HR 0.89; 95% CI 0.82 to 0.98). There were, however, important differences between this study and the Canadian study. Most importantly, we had information about essential covariates such as diabetes duration, HbA1c, and BMI, which were lacking in the Canadian study. Both HbA1c and BMI have been shown to be associated with progression from prediabetes to overt diabetes; 27 28 diabetes duration is related to the remaining β-cell function. As a result, these variables are crucial covariates for estimating the glycemic durability of hypoglycemic agents. Another observational study of 12 697 veterans, including mainly male patients with T2DM, investigated the importance of study design choices in durability analyses. Interestingly, they found no significant difference in the durability (time to reach HbA1c >8%) between SU and metformin when extremely strict criteria for continuous treatment were used. However, when using criteria comparable to the ones used in this and other studies, 9 11 SU was associated with a highly significantly increased risk of reaching HbA1c >8% (HR 1.45; 95% CI 1.29 to 1.63). The analyses were adjusted for important covariates, including diabetes duration, HbA1c, and BMI, but the follow-up time was short (approximately 1 year). ADOPT showed superior effects on β-cell function and glycemic control with glyburide compared with metformin or rosiglitazone during the first 6 months. After 6 months, patients on glyburide had a faster decline in β-cell function and loss of glycemic control, which resulted in significantly lower longterm glycemic durability with glyburide compared with metformin or rosiglitazone. Therefore, the risk of reaching HbA1c >8% during the first treatment year may not represent a good measure of long-term durability.
We were able to study smaller matched cohorts with well-balanced baseline covariates, as well as larger samples, of patients with T2DM for up to 5.5 years. Data were collected from the NDR database, which contains data from primary healthcare clinics and hospital outpatient clinics in all geographical areas of Sweden. The extensive information on patient characteristics and demographics enabled us to perform Cox proportional hazards regression analyses adjusted for many important covariates. Adjustments were made by several different statistical techniques and managed to balance baseline variables adequately between the groups with use of matching based on propensity scores. Despite extensive adjustments for relevant covariates, the possibility of residual confounding due to unknown and unmeasured covariates is a limitation in this study. However, the performed sensitivity analyses showed that a very strong confounder (HR 2.0) had to be present in more than 80% more SU or meglitinide users than metformin users to invalidate our findings concerning risk of add-on treatment of a second agent or switch to a new agent. To ensure complete data on all covariates, a large portion of patients had to be excluded due to missing data. However, owing to the large number of eligible patients, the study still had reasonable power to detect differences between the groups. Furthermore, sensitivity analyses on a larger group of patients (n=59 495) with missing data on some covariates showed similar results. The analyses in this study were based on filled prescriptions, which carry several limitations. Even though 12 months of continuous treatment was required to be included in the study, some treatment switches may have been due to late adverse effects and not loss of glycemic control. However, the results were similar when analyzing the risk of add-on treatment of a second agent, an event that should be less susceptible to misclassification due to adverse effects. There is an ongoing debate concerning criteria for continuous medication use in studies determining drug exposure using electronic data on filled prescriptions. 8 We allowed gaps of maximum twice the day's supply of an ordinary prescription, which was considered reasonable in a validation study of persistence and durability to diabetes medication. 8 Similar criteria have been used in most previous studies in the field.
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Finally, the original objective of this study was to evaluate the durability of many different OHAs. Since few patients were initiated on newer OHAs, the analyses were restricted to metformin, meglitinide, and SU.
In conclusion, in this nationwide observational study of drug naïve patients with T2DM, the majority discontinued treatment, switched to a new agent, or got add-on treatment of a second agent when followed for up to 5.5 years. SU and meglitinide, as compared with metformin, were associated with a considerably increased risk of switch to a new agent and add on of a second agent, which remained during the entire follow-up period. These results strengthen the current evidence of a superior durability with metformin compared with SU in real life. The results from this study suggest that this also applies when comparing metformin with meglitinide.
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